. 
LeuT stability assay
The wild-type of the leucine transporter (LeuT) from Aquifex aeolicus was purified according to a protocol described previously. 2 LeuT was expressed in E. Coli C41(DE3) transformed with pET16b
(kindly provided by Dr. E. Gouaux, Vollum Institute, Portland, Oregon, USA) encoding C-terminally 8xHis-tagged transporter. Bacterial membranes were isolated using a high pressure homogenizer (Constant Systems, Daventry, UK) and the protein was extracted from the membranes by treating with 
MelB solubilization and thermal stability
For production of the target protein, E. coli DW2 strain (ΔmelB and ΔlacZY) harboring pK95ΔAHB/WT MelBSt/CH10 plasmid were used. 4 The plasmid encodes the wild-type melibiose permease of Salmonella typhimurium (MelBSt) including a 10xHis tag at the C-terminus. Cell growth and membrane preparation were carried out as described. 5 Protein assay was carried out using a Micro BCA kit 
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Long-term stability of β2AR
The receptor was first purified 0.1% DDM and then diluted into buffer 
MOR thermostability (CPM assay)
was diluted 40x in buffer containing 20 mM HEPES pH 7.5 and 150 mM NaCl. 7 The -opioid receptor 
General procedure for preparation of monoalkylated diethylmalonate (A)
8 K2CO3 (5.0 equiv.) was added to diethylmalonate (5.0 equiv.) in a 1:1 mixture of THF (20 mL) and DMF (20 mL) at 0 °C. The mixture was stirred until evolution of gas ceases. To this solution was added 1-bromoalkane (1.0 equiv.) and the mixture was heated 100 °C for 18 hrs. The resulting solution was extracted with diethyl ether and washed with 1.0 M aqueous HCl (100 mL) and brine (100 mL). The combined organic layer was dried over anhydrous Na2SO4, and the solvent was removed by rotary evaporation. The residue was purified by silica gel column chromatography (EtOAc/hexane), providing the desired product as an oily liquid (86 to 91%).
General procedure for alkylation and reduction of monoalkylated diethylmalonate (step a,b)
8 NaH (1.5 equiv.) and monoalkylated diethylmalonate (A, 1.0 equiv.) were dissolved in a 1:2 mixture of THF (15 mL) and DMF (30 mL) at 0 °C. 1-Iodoalkane (1.5 equiv.) was added in small portions, and the resulting solution was heated at 80 °C for 6 hrs. After completion of the reaction (as detected by S11 TLC), the solution was diluted with diethyl ether (50 mL) and washed successively with 1.0 M aqueous HCl (20 mL) and brine (100 mL). The organic layer was dried with anhydrous Na2SO4. After complete evaporation of solvent, LiAlH4 (3.0 equiv.) was added slowly to the residue dissolved in THF (20 mL) at 0 °C. The mixture was stirred at room temperature for 24 hrs, quenched with MeOH, water, 1.0 M aqueous HCl solution successively at 0 °C and then extracted with diethyl ether (2x30 mL). The combined organic layer was washed with brine and dried with anhydrous Na2SO4. The residue was purified by silica gel column chromatography (EtOAc/hexane), providing a desired product as a white solid (85 to 93% (two steps)).
General procedure for glycosylation reaction (step c) 9 Under N2 atmosphere, a mixture of a di-ol derivative (1.0 equiv.), AgOTf (3.5 equiv.), 2,4,6-collidine (1.0 equiv.) in anhydrous CH2Cl2 was stirred at room temperature. A solution of perbenzoylated maltosylbromide (3.0 equiv.) in CH2Cl2 was added dropwise to this suspension. Stirring was continued for 10 min at room temperature. After completion of reaction (as detected by TLC), pyridine was added to the reaction mixture, and the resulting solution was diluted with CH2Cl2 before being filtered over celite. The filtrate was washed successively with 1.0 M aqueous Na2S2O3 solution, 0.1 M aqueous HCl solution, and brine. The organic layer was collected and dried over anhydrous Na2SO4 and followed by rotary evaporation. The resulting residue was purified by silica gel column chromatography (EtOAc/hexane), providing the glycosylated product as a white solid (88 to 92%).
General procedure for the de-O-benzoylations under Zemplén's condition (step d)
9
The O-benzoylated compounds were dissolved in MeOH and then treated with required amount of a methanolic solution of 0.5 M NaOMe such that the final concentration of NaOMe was 0.05 M. The reaction mixture was left stirring for 6 hrs at room temperature, and then neutralized with Amberlite IR-120 (H + form) resin. The resin was removed by filtration and washed with MeOH and solvent was removed from the combined filtrate in vacuo. The residue was purified by silica gel column chromatography (MeOH/CH2Cl2), providing the fully deprotected compounds as a white solid (90 to 95%). Diethyl 2-undecylmalonate (1) was prepared in 90% yield according to the general procedure for preparation of monoalkylated diethylmalonate. 2-nonyl-2-undecylpropane-1,3-diol (7) was prepared in 90% yield according to the general procedure for alkylation and reduction of monoalkylated diethylmalonate. 2-hexyl-2-tetradecylpropane-1,3-diol (9) was prepared in 85% yield according to the general procedure for alkylation and reduction of monoalkylated diethylmalonate. 2-ethyl-2-octadecylpropane-1,3-diol (11) was prepared in 90% yield according to the general procedure for alkylations and reduction of monoalkylated diethylmalonate. 2-eicosylpropane-1,3-diol (12) was prepared in 88% yield according to the general procedure for alkylations and reduction of monoalkylated diethylmalonate. MNG-6,14a was prepared in 91% yield according to the general procedure for glycosylation reaction. 
